Context. Higher adherence to a Mediterranean diet (MeDi) is linked to lower risk for mortality and chronic diseases, but its association with cognitive decline is unclear.
INTRODUCTION
The traditional Mediterranean diet (MeDi) is characterized by high consumption of plant foods (vegetables, fruits, legumes and cereals), high intake of olive oil as the principal source of mono-unsaturated fat but low intake of saturated fat, moderate intake of fish, low-tomoderate intake of dairy products, low consumption of meat and poultry, and wine consumed in low-to-moderate amounts, normally with meals. 1 MeDi adherence has been associated with longer survival, reduced risk of cardiovascular or cancer mortality, and reduced risk of neurodegenerative disease. 2, 3 The MeDi might also have protective effects against cognitive decline in older individuals since it combines several foods and nutrients potentially protective against cognitive dysfunction or dementia such as fish, mono-unsaturated fatty acids, vitamins B12 and folate, antioxidants (vitamin E, carotenoids, flavonoids), and moderate amounts of alcohol. [4] [5] [6] [7] [8] [9] [10] A single study showed a reduced risk for Alzheimer Disease (AD) and Mild Cognitive Impairment (MCI) in participants with greater MeDi adherence. 11, 12 These results were obtained in a non-Mediterranean older population, mainly US Hispanics and Blacks (<30% of Whites), which limits its generalizability.
The present study examined whether MeDi adherence was associated with change in cognitive performance and with lower risk of allcause dementia or AD over a 5-year period in a sample of older community dwellers in France.
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METHODS
Participants
The Three-City (3C) study is a prospective cohort study of vascular risk factors of dementia; the methodology has been described elsewhere. 13 The 3C study protocol was approved by the The present study is based on waves 1, 2 and 3 in Bordeaux, the only center where the standard data collection was completed with a comprehensive dietary survey in 1811 participants (94% of those examined at wave 1). Among them, 1712 had no missing dietary data and 1597 completed the screening procedure for diagnosis of dementia described below.
We excluded 73 participants with dementia at baseline. The study sample comprises the 1410 non-demented participants (92.5%) who had at least one follow-up re-examination over 5 years: 1340 were re-examined at wave 2 and 1213 at wave 3. Wave 3 was closed on December 2007 in the Bordeaux Center of 3C.
Dietary assessment and MeDi score
At wave1, participants were visited at home by a specifically trained dietician who administered a food frequency questionnaire (FFQ) and a 24H dietary recall. 14, 15 Data from these questionnaires were validated in an independent subsample of 3C. 16 The 24H recall was used to estimate nutrient intake in g/d, total energy intake in kcal/d and to compute the 7 monounsaturated fatty acid-to-saturated fatty acid (MUFA-to-SFA) ratio. Based on the FFQ, frequency of consumption of 40 categories of foods and beverages for each of the 3 main meals and 3 between-meals snacks was recorded in 11 classes. The food items were converted into number of servings per week and then aggregated into 20 food and beverage groups as described earlier. 15 We identified the food groups considered to be part of the MeDi: vegetables, fruits, legumes, cereals including bread, pasta and rice (whole and refined grains), fish, meat, dairy products, and alcohol. The number of servings/week for each food group was determined and the MeDi score was computed as follows: a value of 0 or 1 was assigned to each food group using sex-specific medians of the population as cut-offs. For beneficial components (vegetables, fruits, legumes, cereals and fish), individuals whose consumption was below the median were assigned a value of 0, vs 1 for the others. For components presumed to be detrimental (meat and dairy products), individuals whose consumption was below the median were assigned 1, vs 0 for the others. For alcohol, one point was given to men if their consumption was within 7-to-14 glasses per week (10-to-20g/d) and for women if consumption was within 1-to-4 (1.4-to-5.7g/d) glasses per week. These cut-offs corresponding to the second quartile of distribution of total alcohol in this population (AU: reference?)were chosen to represent mild-to-moderate consumption. For MUFA-to-SFA ratio, ratios below the sex-specific median were given a value of 0 vs 1 for those above the median. The MeDi score was generated by adding the scores (0 or 1 point) for each food category for each participant. Thus, the MeDi score could range from 0 to 9, with higher scores indicating greater MeDi adherence. 2 starting with a free recall inviting participants to retrieve as many words as possible.
Evaluation of cognitive functions and diagnosis of dementia
Then, for words not retrieved, the examiner provides a category cue to enhance recall.
We considered the total free recall score as corresponding to the sum of the 3 free recalls ranging from 0 to 48.
These cognitive tests were administered at each follow-up except for the FCSRT, which was not administered at wave 2.
The diagnosis of dementia was based on a two step procedure following administration of the battery of neuropsychological tests. 13 At each wave, the participants who were suspected of dementia on the basis of their present neuropsychological performances and decline relatively to a previous examination were examined by a neurologist. Then, an independent committee 9 of neurologists reviewed all potential cases of dementia and analysed in depth the medical 
Statistical analyses
All statistical analyses were performed with SAS Statistical package (Version 9.1 SAS Institute).
Participants were classified according to categories of the MeDi score. The MeDi categories 0-3, 4-5 or 6-9 were defined so as to be nutritionally relevant, close to tertiles of the distribution of the MeDi score in our sample and similar to those of the US study. 11 Demographic and clinical characteristics at wave 1 were compared between categories of the MeDi score using Chi-Square statistics for class variables and analysis of variance (ANOVA) followed by 2X2 comparison post-hoc tests for continuous variables (2-sided tests, accepted significance at P<.05). The characteristics of the 1410 participants with follow-up were compared to those of individuals who were not re-examined (N=114).
We used mixed models to examine the association between the MeDi score and the evolution Cox proportional hazard models with delayed entry and age as a time scale 23 were performed to estimate the risk for incident dementia and AD as a function of baseline MeDi adherence.
Hazard ratios (HR) were estimated for the MeDi score considered as a continuous variable (1point increase) and for the MeDi score considered as a categorical variable (0-3 as reference vs 4-5 and 6-9).
We applied the same strategy of selection of covariates for both Cox proportional hazard models and mixed models. First, model 1 was adjusted for the factors that were significantly 10 different at P<.10 between categories of MeDi score in univariate analysis: age, sex, education, ApoE genotype in addition to marital status, practice of physical exercise, total energy intake, and taking ≥5 drugs/d.. Although not significantly different at P<.10 , CES-D score, which is a potential confounder for age-related cognitive decline or dementia, was also introduced in model 1. Then, cardiovascular risk factors (tobacco, BMI, hypertension, hypercholesterolemia and diabetes) were entered as additional adjustment variables in model 2. Stroke was added separately as adjustment variable in model 3. Further control for cardiovascular risk factors and stroke in the same model was also performed.
Finally, we analyzed whether possible associations between MeDi adherence and cognitive decline were driven by associations of particular food categories. These analyses were adjusted for age, sex, education, marital status, total energy intake, practice of physical exercise, taking ≥5 drugs/d, CES-D score and ApoE genotype and their interaction with time (model 1).
We calculated the power of the study to detect incident dementia. Assuming a 26.4%
prevalence of a high MeDi score (6-9), compared with the MeDi score 0-5 and 99 incident dementia cases over 5 years, the cohort size of 1410 provides a power of 45% to detect a HR of 0.6 as found in the US study. 11
RESULTS
The study sample consisted of 1410 individuals, aged 75.9y on average at wave 1 (range 67.7-94.9). The median follow-up was 4.1y between waves 1 and 3. The MeDi score ranged from 0 to 8 with less than 4% of the total population in the extreme values (0 or 8); 44% participants had a MeDi score of 4 or 5. The mean (SD) MeDi score was 4.36 (1.66) and its distribution was normal.
As expected, greater MeDi adherence was characterized by higher intake of vegetables, fruits, legumes, cereals and fish and lower intake of meat and dairy products ( Table 1) .
Greater MeDi adherence was associated with male sex and being married but not education, income, or physical activity ( Table 2) . Individuals in the middle or high MeDi categories had a lower mean BMI and higher mean energy intake than those in the lowest category. Mean baseline MMSE, FCSRT and BVRT scores did not differ across MeDi categories. However, mean annual decline on the MMSE and FCSRT significantly decreased with increasing MeDi adherence with a difference of 0.7 point of MMSE score and 1.1 point of FCSRT score between the lowest and highest MeDi categories, over 5 years. Incidence of dementia was not significantly associated with the MeDi score.
The associations between cognitive decline and the MeDi score as a continuous variable are shown in Table 3 and associations with the MeDi score as a categorical variable are shown in Tables 3 and 4 ).
Those who developed incident dementia (N=99) or AD (N=66) over 5 years were older (79.4y and 79.1y respectively vs 75.7y, P<.0001) at wave 1 than those who remained free from dementia over time. MeDi adherence, as a continuous or categorical variable, was not associated with the risk for incident dementia or AD in multivariate analyses ( Table 5) .
In sensitivity analyses, we assessed the association between cognitive decline and MeDi adherence as a continuous variable ( Table 6 ) or as a categorical variable ( Table 7) , excluding individuals with incident dementia (n=99). In longitudinal analyses, each additional unit of MeDi score was associated with fewer MMSE errors at follow-up only when cardiovascular risk factors were taken into account but not when stroke was added to the model ( Table 6) . A similar pattern for the FCSRT was also observed when MeDi adherence increased. Results were similar when MeDi was considered as a categorical variable ( Table 7) . There was no association between MeDi as a continuous or categorical variable and IST or BVRT performances over time.
[Au: since it is unclear how many analyses were performed and this seems less important given that the results are only significant in a very few analyses, it would be best to delete this.]DISCUSSION
In this population-based cohort study, higher adherence to a Mediterranean-type diet was associated with slower decline of MMSE but not other cognitive tests and was not associated with the risk for incident dementia over 5 years of follow-up . This association was independent of energy intake, BMI, depressive symptomatology and cardiovascular risk factors, but was attenuated afteradjusting for stroke tirely consistent with the previous study on this topic. In that cohort study of a large community-based population without dementia in New York, higher MeDi adherence was associated with a reduced risk for MCI and AD. 11, 12 However, two important differences between the US study and the present one could explain such discrepancies. First the length of follow-up (range 0.2-13.9y or 0.9-16.4y in US studies vs 1.6-6.1y in the 3C cohort) differed. In addition, country-specific characteristics of the dietary patterns may partly explain the discrepancies observed between the French and US studies 24 despite similar mean MeDi scores.[Au: please present a sensitivity analysis to address the issue addressed in your cover letter, making the cutpoints in MeDi comparable between the US and French populations. The portion of the letter to which I refer is: "23)…Altogether, these country-specific characteristics of the dietary patterns may partly explain the discrepancies observed between the French and US studies. Moreover, adherence to the MeDi may reflect specific health concerns and behaviours that may differ between countries regarding in particular use of supplements or other food groups that are not considered in the MeDi score computation. Indeed, multi-vitamins and multi-supplements use seems to be a major difference between US and French dietary behaviours. Indeed, dietary supplement use is increasingly common in the US where 52% of adults reported taking a dietary supplement in the past month and 35% reported regular use of a multi-vitamin-multimineral product (Radimer et al. Moreover, adherence to the MeDi may reflect specific health concerns and behaviours that may differ between countries regarding in particular use of supplements or other food groups that are not considered in the MeDi score computation. This may explain the inconsistent results since the MeDi score was computed according to sex-specific medians of consumption of only 9 food groups of each study sample.
Other explanations for such discrepancies are related to cognitive decline in the prodromal phase of dementia. We used 4 tests evaluating different cognitive domains that could be affected in a specific sequence during the time course preceding the clinically defined dementia syndrome. 25 Interestingly, the two tests related to diet in our study, i.e. the MMSE and the FCSRT, assess respectively global cognitive abilities and episodic memory, which are considered as the hallmark of pathological cognitive aging. 25 A solid biological foundation for the health benefits of the MeDi has already been provided.
The potential mechanisms involve a decrease in oxidative stress, inflammation and vascular disease, which also participate in the pathophysiology of neurodegenerative disease. 27, 28 Individuals with higher MeDi adherence have been shown to have higher plasma concentrations of some presumed beneficial biomarkers. [29] [30] [31] The strong evidence relating the MeDi to lower risk of vascular disease is supported in part by our results, which indicate that the association between cognitive decline and MeDi was attenuated when adjusting for stroke, but the opposite was true for cardiovascular risk factors in general. More research is needed to better understand the biological mechanisms involved in the relation between the MeDi and cognitive decline.
Our results should be interpreted with caution because of some potential methodological limitations. The MeDi score is based on a traditional Mediterranean reference pattern defined a priori which does not consider the overall correlation between foods. 33 Dietary patterns derived by a priori 34 or a posteriori methods 15 were already associated with a significantly reduced risk for AD and fewer cognitive symptoms in the 3C cohort. The use of sex-specific cut-off points to develop the MeDi score does not really measure adherence to a universal traditional MeDi pattern but rather to a specific pattern. 35 The hallmark of the traditional MeDi is a very high consumption of olive oil leading to a high MUFA-to-SFA ratio. 36 As already reported in a non-Mediterranean population, 11, 12 we found a relatively low MUFA-to-SFA ratio, but we verified that consumption of olive oil was positively correlated with the MeDi score and with the MUFA-to-SFA ratio (data available on request). A relatively short follow-up could also introduce a bias due to sub-clinical dementia inducing changes of dietary habits in the phase preceding dementia. In sensitivity analyses excluding incident dementia cases over 5 years, the significant association between greater MeDi adherence and slower cognitive decline tends to confirm such a potential bias. Another interpretation of these results might be the lack of protective effect of the MeDi when the neurodegenerative process of dementia is too advanced to be reversed by diet. Moreover, a selection bias cannot be dismissed. Participants with missing follow-up (N=114) were older, had a lower mean BMI, higher mean CES-D score, higher mean consumption of drugs/d and lower cognitive performance on each test than those with available follow-up. Individuals with missing follow-up also had a slightly lower mean MeDi score (4.09 vs 4.36, P=.09) than the others.
Another limitation concerning cognitive tests was their potential ceiling or floor effects.Moreover, our study lacked the power to definitively be able to detect an association with incident dementia; our cohort size provided an a posteriori power of less than 10% to detect a HR of 0.9 for incident dementia as observed in our study. Finally, we cannot rule out the possibility of residual confounding by unknown risk factors such as a general healthier lifestyle of MeDi adherents. Despite these limitations, the strengths of the present study are its size, the population-based design, and control for several potential confounders. In particular, we controlled for depressive symptomatology since links between cognitive impairment and depression are well documented. 25, 37 This study shows that higher MeDi adherence is associated with slightly slower MMSE 
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